We investigate the nature of the transitions between free and self-trapping states occurring in systems described by augmented forms of the discrete nonlinear Schrödinger equation. These arise from an interaction between a moving quasiparticle ͑such as an electron or an exciton͒ and lattice vibrations, when the effects of nonlinearities in interaction potential and restoring force are included. We derive analytic conditions for the stability of the free state and the crossover between first-and second-order transitions. We demonstrate our results for different types of nonlinearities in the interaction potential and restoring force. We find that, depending on the type of nonlinearity, it is possible to have both first-and second-order transitions. We discuss possible hysteresis effects.
I. INTRODUCTION
The discrete nonlinear Schrödinger equation,
has appeared in many contexts in recent years ͓1-3͔ in the description of the motion of quasiparticles. Typically, c m is the amplitude of the system to be in state ͉m͘, V mn are intersite transfer-matrix elements describing the linear evolution among states ͉m͘, and is the nonlinearity parameter. The microscopic origin and the precise extent of validity of Eq. ͑1.1͒ have come under close scrutiny recently ͓4-6͔. However, Eq. ͑1.1͒ continues to be considered as a useful starting point for transport investigations. It is generally assumed that Eq. ͑1.1͒ may be written down as arising from the following coupled equations of motion:
Here, x m is a vibrational displacement and is the frequency of the vibration, and the last terms in the right-hand side of Eq. ͑1.2͒ and the left-hand side of Eq. ͑1.3͒ describe the interaction of the vibrations with the quasiparticle, E 0 and S being appropriate constants. Time-scale disparity arguments lead to Eq. ͑1.1͒, the nonlinearity parameter being equal to E 0 S/ 2 . Generalizations of these results have been shown to arise ͓3,7,8͔ when account is taken of the fact that molecular oscillators are not generally governed by linear ͑Hooke's type͒ restoring forces, and that the interaction energy is generally nonlinear in the oscillator displacement. The generalizations of Eqs. ͑1.2͒ and ͑1.3͒ lead to ͓3,7,8͔
The nonlinearities in Eqs. ͑1.4͒ and ͑1.5͒ can give rise to exotic behavior as shown earlier ͓3,7,8͔ including the destruction of self-trapping on increasing nonlinearity. In these cases, as the nonlinearity parameter is increased, we first get a transition to a self-trapping state. But, as the nonlinearity parameter is further increased, the self-trapping state is destroyed with a resulting extended or free quasiparticle.
In the present paper we investigate the nature of the free to self-trapping transition for the case of a dimer when generalized forms of the discrete nonlinear Schrödinger equation such as Eqs. ͑1.4͒ and ͑1.5͒ are operative. We show that, if the transition is of first-order, hysteresis effects will be observed as the nonlinearity parameter is increased and then decreased through the transition point. We derive a general analytic condition for the point in parameter space where the second-order transition turns into a first-order transition as the parameters are varied. We demonstrate this effect by considering several forms of nonlinearities in f (x m ) and E(x m ). 
II. TRANSITION BETWEEN EXTENDED AND SELF-TRAPPING STATES

